ABSTRACT Background: Recent studies have shown a strong positive association between individual BMI (in kg/m 2 ) or overweight prevalence and socioeconomic status (SES) in low-and middle-income countries (LMICs). However, it is not clear whether this association is weakening or reversing over time. Objective: With the use of nationally representative data collected at 2 time points in 37 LMICs, we compared the associations of SES with BMI and of SES with overweight between the earlier surveys and the later surveys. Design: We conducted a cross-sectional analysis of nationally representative samples of 547,056 ever-married nonpregnant women aged 15-49 y: 208,570 women in the earlier round of surveys conducted between 1991 and 2003 and 338,486 women in the later round conducted between 1998 and 2008. We used linear and modified Poisson analyses with a country fixed effect to obtain a pooled estimate and a country-stratified analysis for country-specific estimates. Results: In adjusted models, BMI was 2.32 units higher (95% CI: 2.23, 2.41 units) among women in the wealthiest quintile compared with women in the poorest quintile in the earlier surveys and was 3.00 units higher (95% CI: 2.92, 3.07 units) in the later surveys. The association between BMI and wealth was positive in 37 countries in the earlier round of surveys and in 36 countries in the later round. Patterns were similar for overweight prevalence. Conclusion: The association between SES and BMI or overweight is positive in most LMICs and has not weakened over time. It appears that the burden of overweight is consistently greater among wealthier populations within LMICs.
INTRODUCTION
Increases in the prevalence of overweight and obesity in LMICs 4 over the past decade are well documented (1) . However, these average trends mask the remarkable variation in weight by SES within LMICs, and ignoring this is problematic from a public health policy and surveillance perspective (2) . The most recent data from 54 LMICs show a strong positive association between SES and BMI and the prevalence of overweight in 52 countries (3) . We examined the potential changes in the direction of the association between body weight and SES over time. If SES inequalities in weight are weakening over time, with the poor gaining weight rapidly and the rich gaining weight more slowly or not at all, it is likely that overweight and obesity are increasing among the low-SES groups in LMICs. Conversely, no change in the SES-BMI gradient or a sharpening of the gradient would suggest that the changes in social patterning that is hypothesized to occur along with socioeconomic and epidemiologic transitions have yet to occur in LMICs. Furthermore, we expect that changes in the social patterning of BMI will be particularly prominent in younger populations, who have had earlier exposure to changes in nutrition and health behavior. Whereas changes in the association between SES and weight have been examined in individual countries (4) (5) (6) (7) , studies that appear to show a weakening of the SES gradient do not use data that are nationally representative (7, 8) . Using measured BMI (in kg/m 2 ) collected at 2 time periods in representative surveys from 37 LMICs, we assessed trends in the association between individual SES and BMI and the risk of being overweight.
SUBJECTS AND METHODS

Data sources
The data for this study came from a DHS of women of reproductive age (15-49 y) conducted on 2 separate occasions in 37 countries between 1991 and 2008 (Table 1) (9). To select surveys for inclusion in the analysis, we identified the earliest and latest surveys from countries where !2 surveys had been fielded after 1990. The DHS is a household sample survey that measures indicators of population, health, and nutrition, with special emphasis on maternal and child health (10) . The target population in most of these surveys was all women or evermarried women of reproductive age. Because of its coverage, comparability, and data quality, the DHS is an important data source for studying the health of populations across developing countries (11) (12) (13) . The DHS uses extensive interviewer training, standardized measurement tools and techniques, an identical core questionnaire, and instrument pretesting to ensure standardization and comparability across diverse sites and time (www.measuredhs.com/pubs/pdf/DHSG4/Recode4DHS. pdf) (14) . The DHS uses a multistage stratified design with probabilistic sampling, with each elementary unit having a defined probability of selection (15 Table  1 . A summary of the sample age and the percentage of the sample living in urban areas and with no education, by country, is provided elsewhere (see Supplemental Table 1 under "Supplemental data" in the online issue). The study population and response rates for all surveys are summarized elsewhere (see Supplemental Table 2 under "Supplemental data" in the online issue).
Study population and sample size
The study population included 991,327 women interviewed for the DHS in the 37 countries selected for analysis. Because some surveys only included anthropometric measurements for a subsample of women, height and weight were not measured for 237,170 women. Among those for whom height or weight should have been measured, 6,374 had no height or weight measurement included in the DHS, and an additional 1,148 women had biologically implausible height (,100 cm or .200 cm) or weight (,20 kg or .150 kg) data. An additional 59,169 women reported being pregnant and were excluded from the analysis, and 3011 reported ages ,15 y or .45 y. Sixty-six respondents were missing data on covariates. Finally, many surveys excluded never-married women from their samples, particularly in the earlier round of the DHS. For this reason, 137,333 unmarried women were removed from the sample. The final analytic sample included 547,056 ever-married nonpregnant women, 208,570 of whom were interviewed and measured during the earlier round of surveys conducted in 37 countries between 1991 and 2003 and 338,486 of whom were from the later round conducted between 1998 and 2008. A flow diagram representing the generation of the sample for analysis is shown elsewhere (see Supplemental Figure 1 under "Supplemental data" in the online issue). The DHS data collection procedures were approved by the ORC Macro (Calverton, MD) Institutional Review Board and by the relevant body that approves research studies on human subjects in each country. Oral informed consent for the interview/ 3 Calculated as the number of women with a BMI (in kg/m 2 ) .25 divided by the total sample and multiplied by 100%. 4 Represents the change in overweight/obese divided by the percentage overweight/obese at time 1 divided by the number of years elapsed between the first and second surveys, multiplied by 100. .25 divided by the total sample and multiplied by 100%.
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Adjusted to account for design effects.
SOCIOECONOMIC STATUS AND BMI survey was obtained from respondents by the interviewers. The study was reviewed by the Harvard School of Public Health Institutional Review Board and was considered exempt from full review because the study was based on an anonymous public use data set with no identifiable information on the survey participants.
Outcome measures
BMI was the primary outcome considered in this analysis. BMI was calculated as weight (in kg) divided by the square of height (in m). Trained investigators weighed each woman by using a solar-powered scale with an accuracy of 6100 g and measured each woman using an adjustable board calibrated (in mm) and theoretically accurate to 1 mm (14) . We chose BMI as the primary outcome for this analysis because this measure more fully captures the spectrum of nutritional status, from under-to overnutrition, within the population. We also considered the proportion of participants overweight (BMI .25) as a secondary outcome to help elucidate the potential changes in chronic disease risk in these populations (17) .
Independent variables
Age, education, household wealth, and place of residence were the key independent variables of interest. Education was specified as no education or incomplete primary education, completed primary education, or completed secondary education. For example, a woman with some secondary education, but who did not complete secondary, would have an educational level of "completed primary" by this categorization. We used the DHS wealth index to measure household wealth. This measure compares the wealth of respondents within countries and is calculated by developing z scores for each variable measuring a household's assets and utilities and conducting a factor analysis on these z scores. For each household, the values of the indicator variables were multiplied by the factor loadings and summed to produce a standardized household index value with a mean of 0 and a SD of 1. This standardized score was then divided into quintiles for each country (18) (19) (20) . Place of residence was defined in terms of whether the household was located in a census-defined urban or rural area.
Analysis
In our analysis, we assessed the association between BMI and overweight and our primary measure of SES, household wealth quintile, after adjustment for respondent age, educational attainment, and urban or rural residence. Using nationally representative data conducted at 2 time points in 37 LMICs, we compared the associations of SES with BMI and of SES with overweight between the earlier surveys and the later surveys. To estimate the association between SES and mean BMI or risk of overweight, we used both time-specific pooled models with a country fixed effect and country-and time-specific analyses. To confirm that our results were robust to differences in the age distribution of the population across time periods and surveys, we used models stratified by country, time, and 5-y age group to measure the association between SES and BMI within each age group. We used a linear regression analysis with robust error variance that accounted for the multistage sampling design to model the association between the independent predictors and BMI. Because overweight was not a rare outcome (P , 10%) in many countries, ORs calculated by using a logistic regression analysis would not provide a reasonable estimate of the RR in the population. For this reason, we used a modified Poisson analysis with robust SEs to model the association between the independent variables and overweight as a binary outcome (21) . All models were adjusted to account for the multistage sampling design used in the DHS. All analyses were performed by using Stata/MP 11.1 (22) .
RESULTS
The mean BMI ranged from 18.9 (Bangladesh, 1996) to 27.3 (Jordan, 1997) in the earlier survey included in the analysis, and BMI increased between the earlier and later surveys in 34 of 37 countries ( Table 1 ). The highest annual percentage change in BMI was in Cote d'Ivoire-an increase of 1.5 per year. In 3 countries, the mean BMI declined between the earlier and later surveys, although these declines were small (average annual decrease of 0.2 in Burkina Faso, 0.6 in Kazakhstan, and 0.3 in Rwanda). Similarly, the prevalence of overweight increased in 34 of 37 countries. In the pooled data, BMI and overweight were both positively associated with wealth in both time periods ( Table 2 ). The distribution of BMI by wealth quintile for each country and time period, which indicates a general positive association between wealth and BMI, and the trend toward increasing BMI over time are shown in Figure 1 . In adjusted models, BMI was 2.32 units higher (95% CI: 2.23, 2.41) among women in the wealthiest quintile than among women in the poorest quintile in the earlier surveys and was 3.00 units higher (95% CI: 2.93, 3.07) in the later surveys ( Table 3) . Coefficients on each wealth quintile compared with the lowest quintile were higher in the later surveys, which suggested that the association between wealth and body weight increased with time across all SES groups. Similar patterns were observed for overweight; the relative prevalence of overweight in the wealthiest group was 2.44 times (95% CI: 2.32, 2.57) that in the earlier surveys and 2.24 times (95% CI: 2.18, 2.29) that in the later surveys. The full results for both BMI and overweight models are shown elsewhere (see Supplemental  Table 3 under "Supplemental data" in the online issue).
In the earlier and later surveys, the association between BMI and wealth was positive in 37 and 36 countries, respectively ( Table 4) was negative in Jordan (20.08; 95% CI: 20.22, 20.06) in the later surveys. In 30 of 37 countries, an increase in the size of the association between wealth and BMI was observed; in the remaining 7 countries, the slope decreased across time points, although in most cases the 95% CIs for the 2 time points overlapped. The RR of overweight was positive in all countries in both the earlier and later surveys. The RR of overweight for an increase in the wealth quintile was highest in Bangladesh (ARR: 1.95; 95% CI: 1.49, 2.55) and lowest in Kenya (ARR: 1.03; 95% CI: 0.99, 1.07) in the earlier surveys. In the later surveys, the RR of overweight for an increase in the wealth quintile was highest in Bangladesh (ARR: 1.65; 95% CI: 1.55, 1.75) and was lowest in Jordan (ARR: 1.00; 95% CI: 0.98, 1.02). A comparison of the change in BMI associated with the change in SES for each country across time periods is shown in Figure 2 . A summary of the average annual rate of change in BMI for respondents in the highest and lowest wealth quartiles is shown in Figure 3 . It shows that, whereas BMI was increasing overall, poorer populations were not always seeing higher rates of increase than were wealthier populations. In 27 of 37 countries, BMI was increasing among both the wealthiest and the poorest respondents. Within these countries, 6 had a higher positive annual change in the poorest quintile than in the wealthiest. Eight countries showed a decrease in BMI among the poorest quintile and an increase among the wealthiest, whereas 2 showed a smaller decrease among the poorest than among the wealthiest.
Finally, our examination of the changes in the association between wealth and BMI within each age group separately showed a pattern similar to that seen in the analysis of all women. Among women in the 20-24-y age group only, the SES-BMI association was positive in 36 of 37 countries in the earlier time period compared with 35 of 37 in the later period (see Supplemental Table 4 under "Supplemental data" in the online issue). 
DISCUSSION
A consistent and positive association exists between BMI and SES as measured by wealth in most LMICs. In 36 of 37 countries in the later time period, a positive association was found between SES, as measured by wealth, and BMI after adjustment for age, educational attainment, and urban or rural residence. In all countries, a positive association was found between SES and overweight. This association did not appear to attenuate over time. In all countries and time periods included in the analysis, the unadjusted mean BMI among the highest SES group was higher than the unadjusted mean BMI among the lowest SES group. Whereas our results showed some countries where BMI and overweight are increasing faster among poorer women after the covariates were accounted for, these increases were not large. Overall, these findings do not support a global shift in the direction of the association between SES and BMI in LMICs from positive to negative.
A recent study conducted by Jones-Smith et al (24) used an ecologic analysis of data on BMI and SES from developing countries and found that a lower SES was associated with increased weight gain in 10 of 37 countries. We believe that our results, which showed only 6 countries with accelerated weight gain in the poorer compared with the wealthier, are more robust for several reasons. Jones-Smith et al used data sets that are not nationally representative for 2 countries: Indonesia and China. They also failed to include eligible DHSs from India and Nigeria -2 of the most populous countries included in the DHS. For these reasons, their results may not be generalizable either within the countries included in the survey or globally. Moreover, because their analysis relied on aggregated data, their results are subject to ecologic fallacy, with their group-level results not necessarily applicable to individuals within the population. In contrast, our analysis included only data sets that are nationally representative and involved an individual-level analysis that allows for adjustment of results by age, educational attainment, and urban status and that does not collapse the primary unit of analysis into group prevalence. We believe that this analytic technique allowed us to more carefully assess the association between household-level SES and our outcomes of interest. In addition, the analysis included both measured BMI and overweight as outcomes, which allowed us to assess both the trends in body size over time and the changes in the prevalence of a chronic disease risk factor. This study had several limitations. Because the surveys used in this analysis were conducted at different times across different countries, we were unable to estimate the change in BMI across all countries for the entire survey period. Although we attempted to account for the differences in the span of time included for each country by providing estimates of average annual change, care must be taken when interpreting trend results. In addition, the wealth index measure used as a proxy for SES was designed to be comparable across countries (20) but does not account for changes in national wealth over time. Because SES and body weight were measured simultaneously, the association between SES and weight should not be interpreted in causal terms. However, the motivation in this study was to describe the social patterning of weight rather than to ascertain causal effects. In addition, our analysis was restricted to women. Studies of the association between SES and body weight in men in developing countries have found mixed results (5, 25) , and findings on the association between SES and weight among women cannot be generalized to men. However, reviews of the association between SES and body weight in high-income countries have found that the inverse association between SES and weight first appeared among women (22, 26) , which suggested that it was unlikely that the positive gradient among women in LMICs was driven by sex differences in this association. Finally, a given BMI may confer a different risk of obesity-related diseases and mortality among certain populations, such as Asians (26, 27) . Although this questions the relevance of a BMI cutoff as a measure of weight status, these cutoffs remain the most widely available measure for studying weight status in populations. Consequently, our findings that use BMI as an outcome, as opposed to the BMI cutoff, are more pertinent.
The strengths of this analysis included the number and variety of countries included in the analysis, the incorporation of multiple years of nationally representative data, and the use of wealth as the primary proxy for SES. Whereas previous analyses of trends in the association between SES and weight have focused on a single country (4, 6-8, 18, 28) , the results presented above incorporate multiple years of nationally representative data from a diverse array of LMICs. Thus, our results add to the literature a clearer sense of the variation in the SES-weight association across time and context. Wealth was chosen as the primary indicator of SES in this population, because it is more comparable across countries and because it reflects an individual's access to the material resources needed to obtain food. Although it has been hypothesized that a higher prevalence of overweight among women of higher SES is related to cultural norms favoring fatty body shapes (29) , it is likely that SES is also associated with BMI through changes in foodconsumption patterns (30) . Moreover, food remains expensive in many developing countries, with the poorest remaining unable to afford to increase their energy intake (31) .
In summary, our analysis of trends in BMI and SES in 37 LMICs found little evidence to support the contention that body weight increases disproportionately among poorer women. The association between BMI and wealth was positive in 37 countries in the earlier surveys and in 36 countries in the later surveys. Only 6 countries had a faster rate of change in BMI among the poorest than among the wealthiest. Whereas increasing BMI and the prevalence of overweight in a population is an important concern across developing and middle income countries, it appears that the burden of overweight will continue to be greater among wealthier populations in most countries.
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